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Purification and characterization of antimicrobial peptides from Pyura vittata.

Won jeong Park

Department of Marine and Fisheries Life Sciences, Major in Biotechnology

The Graduate School, Pukyong National University

Abstract

This paper investigates and describes the antibacterial and antioxidant
activities of Pyura vittatas whole body extract and its biochemical
properties. The antibacterial activity assay showed that the extract
exhibited antimicrobial activity against a wide range of microbial strains
including gram-positive bacteria, gram-negative bacteria, fish pathogens,
and a fungus. The antibacterial activity of the extract was affected by
proteolytic enzyme (trypsin) treatment. This result alludes that the
extract’s antibacterial activity is due to proteinaceus materials contained
in the extract. The antioxidant activity of the extract, which is calculated
compared to the antioxidant activity of L-ascorbic acid, tend to increase
in a concentration-dependent manner. Having confirmed the antimicrobial
activity of the whole body extract, series of purification steps were taken
using the extract of the sea squirt, during which the antibacterial activity
of each fraction was investigated using PBacillus subtilis KCTC 1022. The
purified antimicrobial peptides (AMPs) were named PvAMPs, which means
AMPs isolated from Pyura vittata. A total of 8 antimicrobial peptides
(PvAMP1-8) were purified. The molecular weights of PvAMP1-3 were
analyzed, but the amino acid sequences could not be analyzed. Among
them, PvAMP3 was treated with trypsin yielding multiple fragments on
reversed phase HPLC, among which was used to obtain a partial amino
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acid sequence. Currently, research is underway to find out the complete
amino acid sequence of these substances. The amino acid sequence of
PvAMP4 was analyzed giving 23 amino acid residues after determining its
molecular weight. The revealed amino acid sequence showed high identity
with 40S ribosomal protein S30 (RPS30). ¢DNA cloning was conducted to
reveal the entire sequence of PvAMP4, and found the complete sequence
of PvAMP isotype, which shows that PvAMP4 precursor protein is
consisted of wubiquitin-like protein and ribosomal protein S30. The
molecular weight of PvAMP5 was obtained and the amino acid sequence
was analyzed. The analyzed sequence comprising 12 amino acids was
identical to that of the small regions from the retinol binding protein
(RBP) of sea urchin. In addition, the molecular weights and amino acid
sequences of PvAMP6-8 were analyzed, and the analyzed sequences had
high homology with sea urchin sperm activating peptide (SAP). In this
study, for the first time, 8 antimicrobial peptides were purified from sea

squirts (Pyura vittata) and their properties were analyzed.
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Table 1. Fragment and full sequences of ribosomal protein acting as AMP purified from several organisms.

Type Sequence Organism Reference
MADEQAALKKKRTFRKYTYRGVDLDQLLDMSSEQLMEMMKARPRRRFSRGLKRKHLALIKKLRKAK 5 . .
RPS15  KECPALEKPEVVKTHLRNTVIVPEMIGSIVAVYNGKTFNQVEVKPEMIGHYLGEFSITYKPVKHGRPGI e [43]
GATHSSRFIPLK Jap
RPS21 GKTVVRSNESLDDALRRFKRSVSKAGTIQEYRKR La“’ag‘;‘j{gﬁ"‘"”us [44]
MGKPRGLRSARKLKDHRRQQRWHDKSFKKAHLGTAVKASPFGGASHAKGIVLEKIGVEAKQPNSAIR .
RPS23  KCVRVQLIKNGKKITAFVPNDGCLNYIEENDEVLVSGFGRKGRAVGDIPGVRFKVVKVANVSLLALFK belcheri [45]
EKKERPRS tsingtauense
RPL1 Helicobacter
ragment FKKLKKLFSKLWNWK ylor [46]
RPL27 PALKRKARREAKVKFEERYKTGKNKWEFFQKLRF Silurus asotus [47]
RPL29 AKSKNHTSHNQNRKQHRNGIHRPKTYRYPSMKGVDPKFLKNLKFSKKHNKNTKK Cr a;fgﬁj;f ea [48]
RPLA0 MKQKRKTMESINSRLQLVMKSGKYVLGLKETLKVLRQGKAKLIIIANNTPALRKSEIEYYAmMLAKTGV Brangigszma 4]
eicneri
HHYSGNNIELGTACGKYFRVCTLAITDPGDSDIRSMPAEDKGEAK tsingtauense
Pediococcus
RPL36 MKVRPSVKPMCEHCKIIKRKGRVMVICSANPKHKQRQGK acidilactici [50]
OSU-PECh-3A




Table 2. Types and sizes of AMPs purified from several marine
organisms.
Organism AMP Size (aa) Reference
Invertebrates
Arenicola marina Arenicins 21 [51]
Tachypleus tridentatus Tachyplesins 1% [52]
Aurelia aurita Aurelin 40 [53]
Perna viridis Defensin 45 [54]
Nereis diversicolor Hedistin 22 [55]
Vertebrates
Parasilurus asotus Parasin 19 [56]
Pleuronectes americanus Pleurocidin 25 [57]
Chrysophrys major Chrysophsin 20 [58]
Myxine glutinosa Myxinidin 12 [59]
Nila tilapia Piscidins 21-44 [60]
Sparus aurata Hepcidins 26 [61]




Table 3. Summary of purified AMP from tunicates.

Species AMP Size (aa) Reference

dicynthaurin 30 [30]

Halocynthia aurantium
halocidin 18 [31]
Halocynthia roretzi halocyamines 4 [32]
halocyntin 28 [35]

Halocynthia papillosa
papillosin 34 [35]
styelins 33 [33]
Styela clava clavanins 23 [34]
clavaspirin 23 [39]
Styela plicata plicatamide 28 [38]
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H
=
>
H
(@
=y,
=
>
<
Z
0]
Z
i

M
>,
ofo
:oé

TAAIZ F, 4TAA 2443
WRAIZ T, Al WA AR 4TeA 7,000 g& 30, 10,000 g=

202 AHER W, AFAL A P wFAAL. AFHoR 120

2.1.2 =59 Solid Phase Extraction

<% (120 mL)E€ HPLCE HAs7 d, FEHoz 24
2asl7] Yal Sep-Pak C18 cartridgeE AF&3tth. WA, Sep-Pak
C18 cartridge® activation® 93l 0.1% TFA7}F =E3td 100%
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methanol (MeOH)& AF&3tdth. o]%F, 0.1 % TFA7} x4
deionized water (D.W)& %3] HF3lelA 1, FEES FY3A.
FaA o2 0.1% TFAZF 3" D.W, 10% MeOH, 60% MeOH

23 100% MeOH= At&al EdS &EAAT. o5 &l 14

M

gol D.W, RM (retained materials)10, RM60, RM1003 FT

r—{tli

(flow through)E <At}. Bradford assay® € FTod U=
protein® ¢S EA3 A, FTo o}F H8&3 EZo Holdtx
Aottt wEkd Fr1H o2 FTolA proteing 47 s, 12 8

Al A& FTE Sep-Pak C18 cartridgeo] FLstgth. o] #H S E3

Qe 27 YT A& 12 YL AL F M FEIAn, o2 @
5 gharsl @4 24l Agatanh

Fadd S fdl 12FY T 159 530l &5 A&t
a3k A (gram  positive bacteria) &2+ Bacillus subtilis
KCTC 1021, Bacillus subtilis KCTC 1022, Micrococcus luteus
KCTC 1071 ¥ Staphylococcus aureus KCTC 16215 AF&3tth.
a2, oA®ATS  Lactococcus garvieae ATCC 491563
Streptococcus iniae FP 5228% AH&stdltt. ¢ 34 (gram
negative bacteria) 2% FEnterobacter cloacae KCTC 1685,

Fscherichia coli D31, Pseudomonas aeruginosa KCTC 2004,

_‘]3_



Salmonella enterica ATCC 13311, Shigella flexineri KCTC 2517
9 Shigella sonnei ATCC 92905 AF&3stAt}. o]9lox= FFo] 9l

Candida albicans KCTC 7965% A}&3t9t}.

2.2.2 wiA1 o) A=

249 FJaddS =%l $dl  Ultrasensitive Radial
Diffusion Assay (URDA)E Sttt HA, Add Algs 5
TSB ®ix 3 mLol #HZ3sl3, shacking incubatordlx 37C=

16A1 759t viekstatt. 1 & vt o+ 100 pLE TSB ¥iA] 2 mLol

=
12
o
off
b
[\
o
2
rr

Microplate Reader : Sunrise
(TECAN, SWISS)E AF&skitt. Agarose’t £°10A @2 10 mM
phosphate butter (PB)E AF&3st, 600 nm IFolA  optical
density (O.D. 600)7} 0.1°] =% 34ste] AMgsH3lth. A8 10
mM PBe =42 o5 2tk 10 mM PB @ D.W 48.5 mL, TSB
powder 0.015 g, 1.0 M Phosphate buffer (PB) (pH 6.57) 1 mL.

ZE9 IJHAEAHE H7] Y3 "= agarose plate? underlayer gel

BN e

AL 33 2}l Underlayer gel : D.W 48.5 mL, TSB powder

o

.015 g, agarose 0.5 g, 1.0 M PB (pH 6.57) 1 mL. 281
underlayer gel9ldl Z=¥3}+= overlayer geld AL g3 2o},
Overlayer gel : D.W 48.5 mL, TSB powder 3 g, agarose 0.5 g,
1.0 M PB (pH 6.57) 1 mL. Zt &9 autoclave® I%

BEstA o, ARES7] A7A] geld] £E7F 42°C7F HEH e Fxd

==
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BaAstdt, ddd Az plateo] 43l underlayer gel 9.5 mL<%}

|43k w9 500 puLEs wddsHA 4ol FAFAY. o F, 3] WAE

THe WEAY. Welld F9E sample2 speed vacuum
concentratorg Abgste] ds] dxAZl H, 0.01% AcOHO =

AHESEA T 3A1ZF H X agarose plated] €] 2HmE F UEEF
oAl AT, o]F 10 mLe overlayer gels plateo] 2 H
Zo®, incubatordlX 37°CE2 16AI1ZF Bt vttt &4 F=e
vernier calipers (Wanlian, China)E AF&3l] well 2] A2 clear

zoned FA7|E 7|Fo 2 H WIA T},

2.3 Trypsin # g
2.3.1 @Ay JaE2 5%

Solid phase extractions %3] #&lgk RM10, RM60 %
RM100 37Fx] #3829 gt Aol @laAA EZo] o3t AIAE

FANEuA vk, webd Z £ trypsing Ak, dI F
3}

HstE URDA=E

—_

Sk, 72+ 78 15 ugel sample : trypsin (1
=

mg/ml)e] 3:1°] H=%= trypsing A gsta, 37°ColA 1Azt

_‘]5_



N
N
o

HES- Al A Y. Speed vacuum concentratorg AFg&3ste] s8]

%, URDAS S & 24< s, &4 A AH&d *#F

r

Escherichia coli D31, Bacillus subtilis KCTC 10219 Candida
albicans KCTC 7965°|t}.

2.3.2 Trypsin digestion

N-"gtto] blocking® el Sl& sample®] F&4 A€ B4
#3l, trypsin digestion= 33Tt WA, target protein (0.1~1
mg)ol 100 wLe 6 M Urea in 50 mM Tris-HCl (pH 8.0)%
A7vstd . o] %, 200

mM DTT in 50 mM Tris-HCI (pH 8.0)% 5
ple Z7veta, 1A &

S

Fo A HEEAIZATEH. 7] 200 mM
Iodoacetamide in 50 mM Tris-HC1 (pH 8.0)< 20 ul. H7}sFsi .
7PAl voltexing ¥ A=A oF% AHE 1A wEEAZGH.
+22 200 mM DTT in 50 mM Tris-HCl (pH 8.0)= 20 uL
A7HeE H, AedA ofFL AHE 1AZF v Az T WA EA )
1 mM CaCl, in 50 mM Tris-HCIl (pH 7.6)= 775 uL F7}sATh.
a8]3 trypsin solution (0.2 ng/ul in 50 mM AcOH)<= 1:50
(w/w, trypsin:protein)® ®]7} HA 73 ., 37°ColA 16417
WA ATE. 7)ol formic acidE FH7F8l, pHE 3~42 23 FA
Trypsin A2 ¥ samplets 97| 9314, samples H7}8HA]
%& negative control® samples #7138 solutions Z+z HPLCO
injectiondt%th. C18 columne Al&ste EdS Fsisien, T

AIE ¥ wdle] samplee] £FH peakEs THI}HT. o] & LC-MS¢

_‘]6_



12

243 AP

PPSQE AH&sle, &AF 2 A

2.4 kst

i
oX,

o] 3Fxaksl%  (Radical Scanvenging Effect, RSE)&

i

=
DPPH (1,1 -diphenyl - 2 - picrylhydrazyl) & Ah&3te] ZA 3kt
10 mM L-ascorbic acid (Final Conc.:100 uM)E RFAIGo=Z
AbEEERAaL, ol W SAE A e 100%E VlEe Ju WA,
0.2 mM DPPH (100 phol MeOHel =oF Sl AZ (100 uL)3%
EFAIY (100 wL)S ZrZt 96 well plated] FY3de. ol F
sample®] E°J8= plateg 37°C incubatorelx  30% &<t
HHS-AlZ ok WEE & microplate reader® AE3t] 517 nm FHFo=

FBEES 24990, RSE (%)E okel dehd Ag Ao

RSE (%) = 100 x [1-(optical density of sample/optical density of control))

2.5 w2 2 A

RM60 (19.5 mL)ez FE¥, gagdA Helol=2 AHA 7]
sl HPLCE AH&stivh. & 4
nm IHFeE ATt &=

Abg-sle]  EQleta, B, subtilis KCTC 1022 T4FE thao=

LU
1o,
i
oo
2
X
M
ot
1o,
ofo
ri
rlo
i
—r
[\
RO
S

=359, HEHom PyAMP1~8, % 849 g7 g4 =2

_‘]7_



FAA. FAG ERLE EWA  (Pyura vittata)olx FE4
AMPelEZ2 HOY PvAMPE %Wt Figure 4] AAAHQ A
12 deElAH.

A AR dAZ RM60 Capcell-Pak C18 reversed-phase
column (4.6 X 250 mm, Shiseido, Japan)< A3 &332
O ox2de g5 2u. A &2 0.1% TFAE X3dsts D.WE

B &mM&= 0.1% TFAE XE3ste= ACNS A&

= FHlEE 5-65% ACN, 60 min, % : 1.0 mL/minc&

B E4dS H EES Rol 7 WA GAE AP on,
TSK-gel SP-5PW cation-exchange column (7.5 mm X 75 mm,
Tosoh, Japan)< AH&ste] tha3 22 #e] o= F3%uTt. A
2= 10 mM PB (pH 6.0), B &2+ 1.0 M NaCl & X33dt=
10 mM PB (pH 6.0) & A&t &%= Ful2= 0 M (60 min),
0 - 1 M NaCl (50 min), 1 M NaCl (50 min), &% 1.0
mlL/mine 2 & FdgPsAtt. 0 M o|Fe] FEE do= F+g3
gom o]lF Z}7 fraction 1~112 WA Th Z+ fractione 1/10¢l

ot S 99 L3 reversed-phase column¥ &wES Al-g35}o]

22 & XgYstA TFHE 10 — 40 % ACN, 60 min, ¥
1.0 mL/minZ AA3te Eedt. ZE peake FJo S

r°"

SAstd e, 1 F F Aol YehE fraction 4, fraction 5,

fraction 73 fraction 8= A3l A HAl FAAYS st 7

—_

fraction® 1/10= AR&ste]l &g o 24 EIdS Ror] 9@,

d

_‘]8_



ez 9/10% 1/108 #e By zHoe=r A HAl HAx FFES
AggstAdTt. o]F o] fractione HJA F4, F5H, F7 % F8=

g ettt

2.5.1 Fraction 4258 PvAMP1e A 3%

Fraction 49 9/10& Al&s] =& A Bdo=z o HAH

th

HAAE HPstsier, FU3  reversed-phase columnz L&
ArgstRY. T 2= 16 — 36% ACN, 60min, %% 1.0
mL/mine2 45 Fsuct. o] 5 4 vEd £95 Rof HFE
FAE APttt FLT  reversed-phase column¥ &wlE
AHg3lA L, 58l 82 (isocratic gradient)® 23% ACN, %

1.0 mL/mine2 &4 Zsidn. ol2A ¥& HF: A =42

PvAMP12 H98 3531t

2.5.2 Fraction 5Z%¥ PvAMP2<9 PvAMP39 A 3%

Fraction 59 9/10°14 w845 Hole = w27 A7
Ael, = Tl 2 ZAN NS F<Q programe®E EHS
s, 14 — 26% ACN, 24 min, % : 1.0 mL/min<
TR Z2E Jdsisivt. o] W ¢ fraction At fraction BE
vl ®A AT AMESR A, F
S S AHE-SFAH.

WA fraction A+ 18 — 38% ACN, 60min, %% : 1.0

A3t reversed-phase column¥}

_‘]9_



mL/min® &= FHlE 25 JAFsv. olF @& Hd TS

Hol A3 reversed-phase column¥ SwE A&3le] oAl WA

BAE APsiden, v= M= 19 — 27% ACN, 40min, &%
1.0 mL/min® 2 & FPaict G4 Bl 25 2183 54

reversed-phase column¥ &wE Al&3sto] HF HAE Pl om,

S&n) &8 22% ACN,

b

1.0 mL/mine 2 EgZ Agst9rt.

o

of f A& HF A E4S PvAMP2E WA

kA fraction B= 10 — 40% ACN, 60min, % : 1.0
mL/min® F= FHlE EHE APt o] o IFaEE&HS HQ
82 AHgEl, BYE reversed-phase column¥ &ujE ThAl WA
BAE APtAqtt. = FHlEE 18 — 30% ACN, 40min,
1.0 mL/mine2 & APsitt. o714 845 29 £3e=z HF
FAZE AP Y. Columne X select CSH C18 reversed-phase
column (4.6 X 150 mm, Waters, U.S.A)S Al&39x, &ne
old¥ 2tk F= FHlEE 18 — 25% ACN, 35min, f+&% & 1.0
mL/min®® & AP on, o uf de HF HA =d=

PvAMP3o 2 wHsd).

2.5.3 Fraction 7258 PvAMP4<e] AA| 3%

1/109] Fraction7eA &3t g+ A EIFS noy] Y,
13stRtt. =&

U™zl 9/109 fraction7® Z& Zdoez EFE A
3

oz U WA HAE P en, FLI reversed-phase

He

column¥ &wE A&39Y. F= FHlEE 13 — 28% ACN,
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60min, % : 1.0 mL/minez EIE APAL. AL HQ
88 Hol U3 reversed-phase column¥ &wjES Alg3dle] oAl
HA JAE Pgsiden, & &= 19% ACN, % : 1.0

mL/mine2 EgE AYgsd. FHd& HJ I F

o,
me
o

reversed-phase column¥ &w& Al&3sle], &0 &2 19% ACN,
% 5 0.5 mL/mine 2 HZF ZAE APttt o] wl 4 HF FA

542 PvAMP4= #H9gatith.

2.5.4 Fraction 8Z%¥ PvAMP5~89 %A #3

Fraction 8¢ 9/10& Ah&al =& &4 FFeo=z v WA
AAE APt em, FLI reversed-phase column¥ EwjE
AHESEE Y. s FHIEE 17 — 22% ACN, 20min, % : 1.0
mlL/min °]%, S8 &2 20% ACN, % : 1.0 mL/mine=

Z]

il

Agstgdet. A4S HQ fraction C¢ fraction DE AFg3sto]

e

o]

FY3t  reversed-phase column¥ S22 ©A HA HAE
eyt ot
£ Fraction CE AME3ste, F7F FAE 33 &l

€7 20% ACN,

pr

1.0 mL/mine2 ZdE JAYPsisda, o o
de HFT A 54 PvAMPSE Wt

olo]Al fraction DE AF&sl, T&m &2 20% ACN, &%
1.0 mL/min 272 Fg& APttt &4e EQl fraction E
fraction F& At&3t, L3 reversed-phase columnzZ} §uj2 oAl

A GAE DB sk
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HA  fraction EE F7I=2 FHAsIGeow, &80 &8 19%
ACN, % ; 0.5 mL/mine2 ¥ & Mg, 45 =Bl B
Rol HY3l reversed-phase column, £wje} £ 2oz dF HA

BAE APt ol F, HF HAE 9@, ACQuity UPLC BEH
(18 reversed-phase column (2.1 mm x 100 mm, 300 A, 1.7 um,
Waters, Milford, MA, USA)< 488l Zesisit. 28 2o =2= A
Eml®2 0.1% formic acid® Z3ste= D.WE AHEsIa, B &g
0.1% formic acid® 23t ACN= AF&3At. F= FulE2& 10
— 20% ACN, 30min, % : 0.3 mL/min2 £z& J3P3A}. °
W AL HF AA EAES 44 PvAMP63 PvAMPT72 Hwakith

T3k fraction DelA E# ¥ fraction Fo HFE FHAES

APttt & &2 24U 20% ACN, #% : 1.0 mL/min® =
2242 AAsRen, o uW 42 HF HA =2& PvAMPS=E
el

AAG F 2do 2AEe FAY

Ultra High Resolution Quadrupole Time-Of-Flight (Q-TOF)

£
Kl
oH

sAddsRd =

rlo

liquid chromatography mass/mass (LC-MS/MS) spectrometer
(maXis: Bruker Daltonics, Bremen, Germany)g AH&3}o
stk A6 AHEE columne Acquity UPLC BEH C18
column (2.1 mm x 100 mm, 300 A, 1.7 ym, Waters, Milford,

MA, USA)o|t}, Ex#EE electro spray ionization (ESI) source
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typelZ %3},

2.7 ol =4t 9 9 Homology &4

@Xﬂ?} g}t E3 9 o}m] = Al }\1%% B A

1%
o

o 5
JaEdo] e ofn =4t sequential analyzer (PPSQ -
31A/33A, Shimadzu, Japan)E& A}&3t9) edman degradation

wHoz BEAE YPsiiy. 42 ofn|x4t AMEe NCBI blast

search= E3l o8] A& homology 4 339t

2.8 PvAMP4¢] ¢cDNA cloning

Open reading frame (ORF)® AE EAS ¢l cDNA
cloninge sttt WA FEE° total RNA FE=2 93
Hybrid-R kit (Geneall, Seoul, Korea)E& A}&3t3th. ©]F rapid
amplification of ¢cDNA ends (RACE)& cDNAZS A&7 938l
GeneRacer kit (Invitrogen, CA, USA)S} total RNAE A-&3}% T},
e AY 33 protocoldl 2 Z3Y3FA T
3" RACE$® degenerate primer= NCBI blast searchE %3l
g8 T o=t AMEE  alignmentdted  AFBIATE 5
&

degenerate primerte 3 RACEES %3] 948 FZd LEol=

e
rlo

RACE
e 7Ivtez A &9tk ORF B4€ primere 3 3 5 RACES
=2 BEAYE g LEels AES rwtoew A FS . Table 4el

A2t primerd FHEE  YehAY.  RACEY+= nTaq-HOT
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polymerase (Enzynomics, Daejeon, Korea)?t pGEM-T easy

fr

vector (Promega, WI, USA)E AM&3tt. ORF &4
nPfu-Forte (Enzynomics, Daejeon, Korea)®?t pTOP Blunt V2
vector (Enzynomics, Daejeon, Korea)E Al&3tdtt. 4%
TEH LEel = A ¥ Expasy translate toole 3l ofr]x4it AE=

biet

(£ 4
o

ol
==

2.8.1 PvAMP4¢] 3° RACE PCR

3" RACE$® primere= Ubi DeF1¥ GeneRacer 3 primerg
AHgstRt. 17 PCR %23e o3 £t Initial denaturation
(95°C, 10 min), [Denaturation (95°C, 30 sec), Annealing
(51.5°C, 30 sec), Elongation (72°C, 1 min 30 sec)] x 5 cycles,
(Denaturation (95°C, 30 sec), Annealing (53°C, 30 sec),
Elongation (72°C, 1 min 30 sec)) x 5 cycles, [Denaturation
(95°C, 30 sec), Annealing (54.5°C, 30 sec), Elongation (72°C,
1 min 30 sec)] x 25 cycles, Final Elongation (72°C, 5 min).
AME 4L 98l 17 PCR productE vectorel AYstAct. 44
wEHLEE AEE  oxegt AER ¥9gd  FH,  edman

degradations Ea] 94& PvAMP49] olu|i=Al 3}t vl walth.

2.8.2 PvAMP4°] 5" RACE PCR

5 RACE$S 1# primer® 5 RACE R1% GeneRacer 5

_24_



primers AM&stAth. 12 PCR &S o3 2t} Initial
Denaturation (95°C, 10 min), [Denaturation (95°C, 30 sec),
Annealing (58°C, 30 sec), Elongation (72°C, 1 min 30 sec)] x
5 cycles, [Denaturation (95°C, 30 sec), Annealing (59.5°C, 30
sec), Elongation (72°C, 1 min 30 sec))] x 5 cycles,
(Denaturation (95°C, 30 sec), Annealing (61°C, 30 sec),
Elongation (72°C, 1 min 30 sec)] x 25 cycles, Final Elongation
(72°C, 5 min). 2° PCR% primere 5 RACE_R3¥ GeneRacer 5
nested primers AH&3tA . 2% PCR A& v 2t}  Initial
Denaturation (95°C, 10 min), [Denaturation (95°C, 30 sec),
Annealing (54°C, 30 sec), Elongation (72°C, 1 min 30 sec)] x
5 cycles, [Denaturation (95°C, 30 sec), Annealing (55.5°C, 30
sec), Elongation (72°C, 1 min 30 sec)] x 5 cycles,
(Denaturation (95°C, 30 sec), Annealing (57°C, 30 sec),
Elongation (72°C, 1 min 30 sec)) x 25 cycles, Final Elongation
(72°C, 5 min). A¥E £4<& 938 22 PCR productE vectord

Attt S4E wEEl Bl AEE ofrxedt MEE g H

¢

ORF #2414 primer A%l A&k},

2.8.3 PvAMP4¢] ORF #4

ORF #4% primere= RP F¢ RP RE AF&3s9 Y. PCR
Zz71e& &3 vt} Initial Denaturation (95°C, 2 min),

(Denaturation (95°C, 30 sec), Annealing (53°C, 30 sec),
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Elongation (72°C, 1 min 30 sec)) x 5 cycles, [Denaturation
(95°C, 30 sec), Annealing (54.5°C, 30 sec), Elongation (72°C,
1 min 30 sec)] x 5 cycles, [Denaturation (95°C, 30 sec),
Annealing (56°C, 30 sec), Elongation (72°C, 1 min 30 sec)] x
25 cycles, Final Elongation (72°C, 5 min). A<¥9 &4< ¢38] 1z
PCR product® vectorell Atdsisith. 49 wEHlQEl= AdEd=

ofp| =it ME 2 Mg § YE F3 homologys T4

2.8.4 3D modeling

AA - ouxAt Mde]  FAE PvAMP4  isomer® 3D
modelings $13] SWISS-MODEL sever (https://swissmodel.
expasy.org/)E A8t th. Template® oryctolagus cuniculus
(european rabbit) 40S HCV-IRES (Hepatitis C Virus Internal

Ribosomal Entry Site) complex® 40S ribosomal protein S30<

A3,
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Sea squirt®s edible portion
(96 g. 100ml)
l
Boiling
(100 °C, 5 min}

&
509 AcOH extraction

(Sample : 5% AcOH=1:4)
s
Homogenization

L

Extraction

(24 br, 4 °C)
l

Centrifugation
(1%t- 7,000 xg, 30 min. 27¢- 10,000 xg, 20 min, 4 °C)

l

Supernatant

!
Sep-Pak C,q cartridge (X 2 steps)

|
' * v ' v

F.T D.W RM10 RMo60 RNM100

Figure 3. A summary of the process of extraction and partial

purification from sea squirt’s whole body.
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RM60

RP-HFPLC: C;prelll’ak cis
(5-65% ACNin 0.1% TFA, 60min, ImL/min)

1
Cation exchange : TSK-gel SP-5PW

(OM [60min] — 0-1M [50min] — IM NaCl [30min] in 10mMPB (pH 6.0}, 1.0 mL/min)

l

F4

!
RP-HPLC: Capeell Pak CI8
{10-40% ACNin 0.1% TFA, 60min, Iml./min)

RPHPLC: Capeell Pak C18
(16-36% ACN in 0.1% TFA, 60min, tmLmin)

RP_HPLC: Capeell Pak C18
(23% ACNin 0.1% TFA. isocratic. Lml/min)

PvAMP1

F5

RP-HPLC: Capeell Pak C18

(14-26% ACNin 0.1% TFA 24min. Iml /'min}

l

v

Fraction A

l
RPHPLC: Capeell Pak C18
(18.38% ACNin 0.1% TFA 60min, 1mL/min)
RP-HPLC: Capeell Pak C18
(19:27% ACNin 0.1% TFA, 40min, lmLimin)
1
RPHPLC: Capeell Pak C18
(22% ACNin 0.1% TFA. isoceatic. Lmlimin)
l

PvAMP2

Figure 4. Purification steps of RM60

|

Fraction B

1
RP-HPLC: Capcell Pak C18
1% TFA, 36 min, lmL/min)

(18-30% ACN,

¥
RP-HFLC: X select CSHC18
(18-25% ACNin 0.1% TFA, 33min, ImL/min)

.
PvAMP3

r

F7

1
RP-HPLC: CapcellPak C13
{10-40 % ACN/0.1% TFA, 60min, Iml/mm)

1
RP-HPLC: CapcellPak C18
{13-28 % ACN/0.1% TFA, 60min, Iml /min)

1 .
HPLC: Capeell Pak CI8

l

F8

RPHPLC: Capeell Pak C18

(1020 % ACNin 0.1 % TFA, 60 min, 1 mL/min)

1
RP-HPLC: Capcell Pak C13

(17-22 %, 20 min — 22 % ACNin 0.1 % TFA, isocratic, 1 mL/min)

RP
(19% ACN/0.1% TFA, isocratic, lmL/min) J1

1
RP-HPLC: CapcellPak C13
(19% ACNI0.1% TFA, isocratic, 0-5mL/min)

Fraction C

PvAMPY

I
RP-HPLC: CapeellPak C18
(20% ACNin 0.1% TFA isocratic, ImLimin)

1

Fraction D

RP.HPLC: CapeellPak CI8
(20% ACNin 0.1% TFA, isoctatic, 1ml/min)

PvANMPS

!

Fraction E

RP-HPLC: Capeell Pak C18
(19% ACNin 0.1% TEA, isocratic, 0.5 mLmin)

|
RP_HPLC: Capeell Pak CI8
(19% ACNn 0.1% TFA isocratic, 0.5 ml /min)
X

RP.UPLC: ACQuity UPLC BEH C18
(10-20% ACNin 01% TFA, 30min, 0.3 mLimin)

PvAMP6.7

extracted from sea squirt’s whole body.
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Fraction F

RP.HPLC: Capeell Pak C18
(20% ACNn 0.1% TFA, isocratic, | mLimin)

it
PvAMPS



Table 4. List of primer used for cDNA cloning

Name

Sequence (5 —3’) Information

Ubi_DeF1
GeneRacer 3’ primer
5_RACE_R1
5 _RACE_R2
5"_RACE_R3
GeneRacer 5’ primer

GeneRacer 5 nested primer

RP_F

RP_R

GWGCTGGWAARGTSAARG
For 3° RACE PCR

GCTGTCAACGATACGCTACGTAACG
@' CGGACCY s ' ClT
CTYCTGCCAAAAGTAGGAACG
CATTGACAAAGCGACGGT For 5° RACE PCR
CGACTGGAGCACGAGGACACTGA

GGACACTGACATGGACTGAAGGAGTA

GATGATGCAGCTCTTCGTAC
GGAATTTGAGTTCGGACC For ORF analysis
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Sep-Pak C18 cartridge® AF&3l F& A% =2 (D.W, RM10,
RM60 % RM100)& AH&stdtt. I8 4 A, 4 dizxd
(negative control) &2 D.WE, ¥4 tlET (positive control) &=
PiscidinI (1 mg/mL)<S AF&3l1t}t. Clear zone® =7]+ vernier
calipers® Ah&-dte] S48ttt

WA Bradford assaye 3st71 &, B. subtilis KCTC 10213

stk Aol ALga

A

E.coli D31 tigt 2zt 229
o}
7o 2 7+ 1/100,000, 1/50,000, 1/10,000= A&

otk

T2y

ttlo
5\
o,

%

AA
I 2t} AA, Crude FEEL2 =9 (120 mL) &
At 1x BE

FAAEZES FT (120 mI)< 24 559 (D.W (17 mL]), RM10 (12.5

rlo

il
i)
Lo
oo

off

mL], RM60 (9 mLJ), RM100 (17.5 mL])e 1/2,000°] 333st=
F= AH&stth 2 E4 2 speed vacuum concentrator® Ax3gF H,
5 uL® D.Well =] & 245 Fdeint.

Crude =% 1/100,000 (1.2 ul)el clear zone< B.
subtilis KCTC 1021914 3.83 mm, E. coli D314 3.37 mm=
Z3FA. &3 crude FEE 1/50,000 (2.4 pul)olA clear zone<
B. subtilis KCTC 10214 4.19 mm, E. coli D314 4.07
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mm=zZ ZFEHAY, olfox crude FE=E 1/10,000 (12 uL)olA
clear zone< B. subtilis KCTC 1021914 6.49 mm, £. coli
D314 6.06 mm= SHHAY, vd=o= 12 F&E A =29
Fadd S Flstdtt. AA FT (60 pl)olM = B. subtilis KCTC
102144 14.11 mm, £. coli D319A 3.87 mme clear zone
sizeZF 3N, D.W (8.5 ul)2l clear zone sizet® B. subtilis
KCTC 102114 9.29 mm, £. coli D31°14 3.87 mm=& Z% =3t
gl RM10 (6.25 uL)olXE B. subtilis KCTC 102114 2.98 mm,
E. coli D314 2.55 mm¥| clear zone sizeE Z<I3s 2™, RM60
(4.5 uL) 9 clear zone< B. subtilis KCTC 10214 6.88 mm, Z.
coli D31°14 6.07 mme| A7]E2 Yehle Aoz SHHAY, =
RM100 (8.75 ul.)9l clear zone sizee B. subtilis KCTC 10214
6.69 mm, £. coli D314 7.77 mm=Z =% = A,

Crude €49 IS <RI ¥, Bradford assays &3l
12 59 Az dlA s EA5et. 24 w5 Wil s
e Zom, g3 gkl 5599 volumes 7 EAISIAH. FT+
0.332 pg/ul. (120 mL), D.W& 0.5167 ug/ul. (17 mL), RM 10
0.315 pg/ul. (12.5 mL), RM 602 1.9967 ug/ul. (9 mL) 281
RM 1002 1.9867 wug/ul. (17.5 mL)Z ®A=HAct. waba 1%
e FHgd S AHed 9WdFe FTE 1.658 ug, DW=
.392ug, RM 10 1.969 ugsl Aoz A=A =3, RM 602
985 pg, RM 100 17.783 ugl Aoz ALEAG. Aozt 14

i A4 F 42 FTe @94 s%7F 0.332 pg/uLE 389 A<
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o, FTel obd #&3 &do] dopdvtn dAdsitt. mek FTol

%
12k} 227 £E wHYe diAFS EAEAY. 4 w599
g T=E oSy Zow, B3I < FF99 volumes
EASAT: FTE 0.332 ug/uLl (120 mL), D.WE 0.419 ug/ul. (25
mL), RM 102 0.133 pg/ul. (14 mL). RM 602 0.981 ug/ul. (7.5
mL) vt 2 RM 1002 1.249 pg/ul. (7.5 mL)E UYEST.
1249} 22178 EFE FF5YY o] 13 w5 FE}y <F 2u] Bk,
et oAl &
=235 At Table 5 2z sampled &+ A ZAIES Hasto

gJeniglen, 14 2de A% B4 249 ASE GNAFE )

o
o
o

27} odel 13 REW 34 Rt W)

AHget T 2t B dwA 15 ugs AMgste], 12%F9 w39 1E
wFoldd el FHELA S SHstAT (Table 6). @M A2 Bradford
assays &3 S @A FEE 7WoR At @A 15

pug= 271 18l 283 Zt sampled 42 the

m
+
=
=
—
S
—
—
o
oo

ul,, RM60 15.3 ul.,, RM10 12 uL.

HA RM 102 Abgste], 2t ool digh g &4 SAsA .
O Fd &ste B, subtilis KCTC 102144 E 6.04 mm, B.
subtilis KCTC 1022914 = 5.42 mme clear zone sizeE
3ttt =3 M. luteus KCTC 10712 5.64 mm, S. aureus

KCTCoAE 6.98 mmuE9 clear zoned HolE AL Falstyrt.
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oW Al L. garvieae ATCC 491569 S. iniae FP 52289+ Z}zt

b1

5.68 mm% 4.68 mm< clear zone2 ZA7|E ZHATE o]
a% 54+ (Gram Negative Bacteria)Ql £. cloacae KCTC
16859 4.47 mm, E. coli D311 5.18 mm<| clear zones
Uetdl= A A9t P aeruginosa KCTC 20049 S. enterica
ATCC 13311°= 2zt 509 mm$ 4.82 mme clear zones
glstdct. 3H 8. flexineri KCTC 2517914 E 5.24 mm 221 S.
sonnei ATCC 9290914 = 5.50 mm<| clear zone size® 743}
=3olQl ¢ albicans KCTC 79659 W= &da 4L
=43t o, clear zone size® 4.14 mm= 2l

w22 RM 60= ARSst, @+t 245 A B
subtilis KCTC 10214 = 7.80 mm, B. subtilis KCTC
1022919 6.49 mme clear zone size® ZH3Idr. T3 ML
luteus KCTC 10712 5.94 mm, S. aureus KCTCAdAE 7.61
mmTF9 clear zones Hole AL FAIATH. oW AT L.
garvieae ATCC 49156¢ S. iniae FP 5228°<= Zt7F 4.29 mm<}t
6.74 mm®] clear zone® ZVIE AT, olLodl® K. cloacae
KCTC 16859+ 6.71 mm, E. coli D31+ 6.87 mm<| clear
zones YERW = AL EQAsATE. P. aeruginosa KCTC 20049 S.
enterica ATCC 13311el&= 27t 7.29 mm® 9.10 mm®] clear
zones ZASATEH. A S, flexineri KCTC 25174 = 8.24 mm
a8la S, sonnei ATCC 929094 = 6.04 mm9 clear zone size®

Faoh, 2Folel C. albicans KCTC 79659 el = 3+ A4S

Ol

5

u)\
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=33} o | clear zone sizex® 7.51 mm=E 21353t}
A AR o8 o] e RM1009 clear zone size®

2339, B. subtilis KCTC 102194 % 6.18 mm, B. subtilis

123

e
&

KCTC 102294+ 4.66 mm& clear zone sizeE =33
A

M. luteus KCTC 10712 4.13 mm, S. aureus KCTColA&= 6.61
mm%F9] clear zone® Hole RS At ¥ Al L.
garvieae ATCC 491569 S. iniae FP 52289+ ZZt 3.15 mmet
3.78 mm9 clear zone® ZA7|E FHsIH. ol¢o= A cloacae
KCTC 16859= 4.36 mm, £. coli D31°l+ 7.12 mm9 clear
zones YEME RS #ASAY. P. aerwginosa KCTC 2004¢ S.
enterica ATCC 13311+ ZZt 3.49 mm® 6.55 mme| clear
zones I8ttt A S, flexineri KCTC 2517914+ 6.44 mm
a3 S, sonnei ATCC 929094+ 3.47 mm9 clear zone sizeE

=Hstgt. F3olQl . albicans KCTC 79659 HalA % 3 A4S

=339 o clear zone sizex 5.78 mm= Q5T AEFo=w
RM10, RM60, RM100<= At&ste] o8 3o ds] IJddd<
=33t 23 RM609] g o] Aa oz =& vsS Yel it
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Table 5. Antimicrobial activity of crude sample and 1st extracts from Sep—-Pak C18 cartridge against B. subtilis

KCTC1021 and E. coli D31.

-] Sample
o o oo’ BT DW __ RM 10 RM 60 RM 100 N
rudae ruae rude .
1/100.000 1/50.000  1/10.000 Amount of proetin (ng) (1 me/mL)
1.658  4.392 1.969 8.985  17.383

Microbe { y 4 zone (mm)
B. subtilis
KCTC 1021 .

3.83 4.19 9.29
E.coli D31 . .

3.37 4.07 6.06 3.87 4.38 2.55 6.07 7.777 12.00
The amount of protein used for antibacterial activity and the clear zone of piscidin used as a positive control are indicated.
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Table 6. Antimicrobial activity of RM10, RM60, RM100 against 12 strains and 1 type of fungus.

Clear zone size (mm)

Type Name RM10 RM60 RM60 Pl
Bacillus subtilis KCTC 1021 6.04 7.80 6.18 10.47
Bacillus subtilis KCTC 1022 5.42 6.49 4.66 9.44

Gr.afn Micrococcus luteus KCTC 1071 5.64 5.94 4.13 7.79
HostaE Staphylococcus aureus KCTC 1621 6.98 7.61 6.61 10.18
(+) Fish Lactococcus garvieae ATCC 49156 5.68 4.29 3.15 7.22
pathogen Streptococcus iniae FP 5228 4.68 6.74 3.78 8.15
Enterobacter cloacae KCTC 1685 4.47 6.71 4.36 7.48
Escherichia coli D31 5.18 6.87 7.12 10.91

NS;:tI;Le Pseudomonas aeruginosa KCTC 2004 5.09 7.29 3.49 7.90
Salmonella enterica ATCC 13311 4.82 9.10 6.55 8.88

) Shigella flexineri KCTC 2517 5.24 8.24 6.44 9.87
Shigella sonnei ATCC 9290 5.50 6.04 3.47 8.58

Yeast Candida albicans KCTC 7965 4.14 7.51 5.78 8.45
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2. Trypsin A8 AZ g &4 W3

oX,

gt A4S A3 82 RM10, RM60, RM100e] w3

i

g BAJAE st &, 24 B8 (15 pg)dl trypsin AE
H

filo

stk Trypsin Azl AFe] Wgs HrI9ls] URDA W

ol g3tAutt. & FAHL B, subtilis KCTC 1021, E. coli D319 C.

(]

albicans KCTC 79659 st A5ttt Table 7o 72 &9
trypsin 23 ¥ clear zone 71 E W3lE YeRAIT.

Trypsin A& A 2t £8¢ clear zoned Z7+ tha 2
HA RM10<  B. subtilis KCTC 10214 5.77 mm, E. coli
D314 5.18 mm 283 C. albicans KCTC 796594 = 4.14
mmz 3 =3tk RM602 B. subtilis KCTC 102114 7.85 mm,
E. coli D314 6.87 mm Z12l3l C. albicans KCTC 79654
7.51 mm®| clear zoned =Z7IE &Slett. Zg RM1002 B.
subtilis KCTC 1021914 6.51 mm, E. coli D314 7.12 mm
283l C. albicans KCTC 796594 % 5.78 mm= 74 =t

W, Trypsin A2l & 2 99 clear zoned Z7= tad
2. RM10<2 B. subtilis KCTC 102114 5.56 mm, £. coli
D314 4.77 mm Z8la C. albicans KCTC 7965914 E 4.04
mm=Z S EH AT, RM60 B. subtilis KCTC 10214 8.64 mm,
E. coli D314 6.60 mm I8]31 (C. albicans KCTC 79654
8.08 mm®| clear zone®l =Z7]E =lstAtt. EI RM100S B.

subtilis KCTC 102114 6.81 mm, E. coli D31°A 4.55 mm
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a3 C. albicans KCTC 79659014 6.03 mm=z =% 5 At}

kA Trypsin Ag A3 Fo JadA WHEGE vl EA

=3 Zo. RM102 trypsin Ag £ @A o] ot o=
Ags BTk v RM602 trypsin AE ¥, B. subtilis KCTC

10212 . albicans KCTC 79659014 gaddoel AAE AEFS
HAT. stARE E. coli D31 dsie <zt Zolxl= A &lgin.
TdstAl RM100% B. subtilis KCTC 1021% C. albicans KCTC
79654 FadAdol AAE AFS EJvk. 283 E. coli D319

delde Was GRddol ol AL FAsdr),
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Table 7. Change in antimicrobial activity of non treated (NT) and trypsin treated (T) fractions from Sep-Pak C18

cartridge (RM10, RM60, RM100) against B. subtilis KCTC1021, E. coli D31 and C. albicans KCTC 7965.

Sample
RM 10 RM60 RM 100 Pl
NT T NT B NT T (1 mg/mL)
Microbe Clear zone (mm)
B. subtilis ' . I ! Q (@) |
KCTC1021
k.56 7.85 8.64 6.51 681
o P =
E. coli D31 O J
) . - 4 7.12 4.55
) = Fa r" |
C. albicans n u 0/ @ (o) O,
KCTC7965 - - ——
4.14 4.04 7.51 8.08 5.78 6.03
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3. FE&9 itz 24

DPPHE A}&3le FEE9 RSEE Z%3l9th.  Positive
control® 10 mM® L-ascorbic acid (Final Conc.:100 uM)E

ARESERATE. o] FE 100%E VlEs X

g, 222o @i BAL
mEge g, 72t Al

H] 1.5}

i
o

MeOHe¢ll =<, 375, 300,
225, 150 2 75 ug/mLE 843l ALgahsich

o

FEEL 7

o
O~

=3
~

rlo

=R

ol 75 ug/mLolA 26.88% 2,

150
TRAME 42,79 %9 A A

Btk T3 225
pg/mLe FEoAeE 49.42 %, 300 ug/mLe FEoAE 54.09 %9

pg/mLe]

gclai el I S

1 375 ug/mLAlA =
el

o)
()
w
©

&
1o
ot
£
o

L

2,

ftlo

A

A

9 A3 e A3l ordinary one-way anova H]o®

Bonferrini's multiple comparisons testE® AAlstgtt. P valueZ}

(@)
(&)
o
o,
ol
=L
r o
Sl
rlj
of
)
o
N

stdoz ool ki

UEflen, A
woto] YeEtlttt (Fig. 5).
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Figure 5. Antioxidant activity of extract. A value using L-ascorbic acid
as a sample was used as a positive control, and this value was set as

100% to represent the RSE values of other samples.
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A WA A dACdM = A

rlo
=)
flu}
fu
=5

EAlE ACN 16-37 %
(19-40 min)elA FE 3 FHEAAS Bt o] #9= Eol t3 A
GAE APeAet (Fig. 6).

T AR A dAAdA &EF E¥S  fraction 1~112
Utk 1 F dagde] FslskA UEhd fraction 4, fraction 5,
fraction 7 % fraction 8% Al&std o& WAE IPsIATE
(fractiond (0.36-0.44 M NaCl), fractionb (0.44-0.56 M NaCl),
fraction7 (0.64-0.76 M NaCl), fraction8 (0.76-0.96 M NaCl)]
]

=15
|

O

ully

< #HoA F4, FhH, F7 % F8E H#HHsI¥eH, g F3e He
9ok (Fig. 7).

o

o
i
=

Al

O

4.1 Fraction 4258 PvAMP19 AA

WA F4E ARES] Al AA FAE APsin. AL AR
FAZE  ACN  23.4-23.656% (34.8-35.3 min)lA IJad&Hd=

gttt (Fig. 8). ] &£8< Rof vl WA HAlE Ittt ACN
23.17-23.63% (29.5-30.9 min)°ll4] main peak’} &ZH
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4.2 Fraction 52%E PvAMP29 PvAMP39 A A

Fig. 7 Yehd F5E Abgste] Al WA FAlE Pstsiet,
ACN 23.65-24.00% (27.3-28.0 min)® ACN 24.0-24.3%

(28.0-28.6 min)elx W& FadEAHS At (Fig. 11). ©

BAE AP stAt.

Fraction AZ A& 4l WA FA <A £2 F, ACN
23.07-23.23% (23.2-23.7 min)8 EIA FFLAHS JEHAS
(Fig. 12). @a84<S Ued &S AR&std oAl Wi AAS
APttt ACN 22.52-22.72% (25.6-26.6 min)ollA] & o]
Uetgen, g 85 HE FA A&t T (Fig. 13). Isocratic
Z34  12.3-13.5 minell EHc] &&HIeH, o HIF ==
PvAMP2'2 Wttt (Fig. 14).

Fraction BE A& Wl WA AA <A &8 I, ACN
23.0-23.2% (23.0-23.5 min)¢ peakelAx IdEHe JEUHAS

(Fig. 15). gag84dE Ueld peakEs AFEste oS AHAAE

AgatFtt. HERo2 ACN 20.24-20.36% (18.2-18.8 min)lA
£=d 548 PvAMP3'E #H3dth (Fig. 16).
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4.3 Fraction 7258 PvAMP4<e] %A

A AR Fig. 7 Ve BT 28 Abgse] F7b gAE

APt HLS U= FAFE ACN 18.95-20.15% (25.9-28.3

(34.7-37.5 min)9] peakelA &5 It o, o] 7t HLS
g2 FASRT (Fig. 18), ©] 85 XoF ACN 19% isocratic
oA oAl WA BAE JPsAT. 295 FAAA P
G ds yeld 22.0-24.8 mino &% E2FE& U3 FHALH

AL-8-315 (Fig. 19). & AA A3y, 28. minol Al single

o

8 A
peakES &eolglon o] E4AS PvAMP4'E BHHATH (Fig. 20).

4.4 Fraction 8258 PvAMP5~82] %A

o2 Fig, 79 JEbd T8 2L Agsted A wA HA2
Agear. de s
min)el WAA @ FR@del el (Fig. 21). o HAZ

AbgElA Wl WA FA dAE APPgen, ACN 20.18-20.63%

5]

2 FA8 ACN 20.25-21.4% (28.5-30.8

(20.7-22.5 min)¢ ACN 20.63-20.93% (22.5-23.7 min)°lA|
4=d YoM oS G (Fig. 22). 24 £8< A9y
TA YR fraction D@9 fraction CZ WHsIdow, F7F FAE
z18y skt

Wz, HZE EIQ  fraction CE Agdle] HE= HAES
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A3PsFA T}, Isocratic A 13.0-13.9 minel] E&o] &&FH Ao,

AL AR ZAG HF 545 PvAMPS R HH3SIATH (Fig. 23).

M

ttSo g & HIOl fraction DS AFESt] oAl WA HAS
ZgPstATE. ACN 19% =AM 12.4-13.6 minZ 14.3-14.9minel
£2d EYdA FgaddS FAsAY (Fig. 24). o] &8-S HY%

fraction E¢} fraction F=2 WHstdon, 21z b3 AAE At

Fraction EE Al&3ste] o
38.7-39.8 minolA wWZek Fda&d S JYeEpidTE (Fig. 25). ©]
aE Abgetd dF HA BAES S, 33.4-34.6 minollA
+5d YAS vpAT FAol AREsiAT (Fig. 26). HFAHo2 ACN

14.36-14.42%  (14.36-14.42 min)® ACN  14.46-14.56%
7

—~~

14.7-15.0 min)ellX F74e d 2S5 et (Fig. 27). &5€ 4

ol

FAEIR o™, A4S PvAMP63 PvAMPT =

od
i)
o
oY
. ["10
oty
s
=5
fu
=4

Fraction F9 #HZ% #HAE isocratic A AgPd o,
13.6-15.2 mind| EZ&0] &£&F. AL sz ZA3N HF 222

PvAMP8 & WH sttt (Fig. 28).
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Figure 6. The 1st reversed—-phase HPLC chromatogram of the exiract
of P. viffala. Elution was performed with a linear gradient of 5-65 % ACN
in 0.1% TFA for 60 min at a flow rate of 1 mL/min on Capcell-Pak C18
column. Fractions of 16-37 % ACN, which were eluted at 19-40 min, were
collected. The eluate was monitored at 220 nm and the black bar indicates
the active fractions used for further purification step. The URDA result of
the fraction showing the greatest antibacterial activity among the fractions

indicated by the black bar in the upper right is shown.
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Figure 7. The 2nd cation-exchange HPLC chromatogram of active
fraction pooled from the previous step. Elution was programed 60 min
of 0 M stay, 50min of a linear gradient of 0-1 M and 50 min of 1 M NaCl
stay using TSK-gel SP-5PW column at a flow rate of 1 mL/min. Fraction
marked with the "F4" was eluated at 0.36-0.44 M NaCl (84-88 min). And
"F5" was eluated at 0.44-0.56 M NaCl (88-94 min). Then "F7" was eluated
at 0.64-0.76 M NaCl (98-104 min). Furthermore "F8" was eluated at
0.76-0.96 M NaCl (104-112 min). The eluate was monitored at 220 nm and

the black bars indicate fractions used to next purification step.
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Figure 8. The 3rd reversed-phase HPLC chromatogram of ‘F4’ in fig.
7. Elution was performed with a linear gradient of 10-40% ACN in 0.1%
TFA for 60min at a flow rate of 1 mL/min on Capcell-Pak C18 column.
Fraction (indicated by black arrow) of 23.4-23.65% ACN, which was eluted
at 34.8-35.3 min, were used for next purification step. The eluate was
monitored at 220 nm. The URDA result of the fraction indicated by the

black arrow in the upper right is shown.
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Figure 9. The 4th reversed-phase HPLC chromatogram of the active
fraction in fig. 8. Elution was performed with a linear gradient of 16-36%
ACN in 0.1% TFA for 60 min at a flow rate of 1 mL/min on Capcell-Pak
C18 column. Fraction (indicated by black arrow) of 23.17-23.63% ACN,
which was eluted at 29.5-30.9 min, showed antimicrobial activity and was

used for final purification step. The eluate was monitored at 220 nm.
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Figure 10. The final purification step of PvAMP1 from the active peak
in fig. 9. Elution was performed with isocratic condition of 23% ACN in
0.1% TFA at a flow rate of 1 mL/min on Capcell-Pak C18 column. The
elution was monitored at a wavelength of 220 nm. Fraction (indicated by
black arrow) with retention time of 13.0-14.4 min was collected and named
PvAMP1. And the molecular weight of the PvVAMP1 was analyzed by

LC-MS.
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Figure 11. The 3rd reversed—-phase HPLC chromatogram of ‘F5  in
fig. 7. Elution was performed with a linear gradient of 14-26 % ACN in 0.1
% TFA for 24 min at a flow rate of 1 mL/min on Capcell-Pak C18 column.
Fraction A of 23.65-24.00% ACN, which was eluted at 27.3-28.0 min, was
collected. Fraction B of 24.0-24.3% ACN was collected, which was eluted at
28.0-28.6 min. The black arrows indicate the active fractions used for next
purification step and the eluate was monitored at 220 nm. URDA results for

each fraction indicated by a black arrow in the upper left are shown.
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Figure 12. The 4th reversed-phase HPLC chromatogram of the
fraction A in fig. 11. Elution was performed with a linear gradient of
18-38% ACN in 0.1 % TFA for 60 min at a flow rate of 1 mL/min on
Capcell-Pak  C18 column. Fraction (indicated by black arrow) of
23.07-23.23% ACN with retention time of 23.2-23.7 min, showed
antimicrobial activity and was used for next purification step. The eluate was
monitored at 220 nm. URDA results for each fraction indicated by a black

arrow in the upper right are shown.
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Figure 13. The 5th reversed-phase HPLC chromatogram of the active
fraction in fig. 12. Elution was performed with a linear gradient of 19-27%
ACN in 0.1% TFA for 40 min at a flow rate of 1 mL/min on Capcell-Pak
C18 column. Fraction (indicated by black arrow) of 22.52-22.72% ACN,
which was eluted at 25.6-26.6 min, showed antimicrobial activity and was

used for final purification step. The eluate was monitored at 220 nm.
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Figure 14. The final purification step of PvAMP2 from the active peak
in fig. 13. Elution was performed with an isocratic condition of 22% ACN in
0.1% TFA at a flow rate of 1 mL/min on Capcell-Pak C18 column. The
elution was monitored at a wavelength of 220 nm. Fraction (indicated by
black arrow) with retention time of 12.3-13.5 min was collected and named
PVAMP2. And the molecular weight of the PVAMP2 was analyzed by

LC-MS.
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Figure 15. The 4th reversed—-phase HPLC chromatogram of the
fraction B in Fig. 11. Elution was performed with a linear gradient of
18-30 % ACN in 0.1 % TFA for 36 min at a flow rate of 1 mL/min on
Capcell-Pak C18 column. Fraction (indicated by black arrow) of 23.0-23.2 %
ACN, which was eluted at 23.0-23.5 min, showed antimicrobial activity and

was used for final purification step. The eluate was monitored at 220 nm.
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Figure 16. The final purification step of PvAMP3 from the active peak
in fig. 15. Elution was performed with a linear gradient of 18-25 % ACN in
0.1 % TFA for 35 min at a flow rate of 1 mlL/min on Capcel-Pak C18
column. The elution was monitored at a wavelength of 220 nm. Fraction
(indicated by black arrow) of 20.24-20.36% ACN eluted at 18.2-18.8 min
was collected and named PVvAMP3. And the molecular weight of the

PVvAMP3 was analyzed by LC-MS.
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Figure 17. The 3rd reversed-phase HPLC chromatogram of ‘F7’ in
fig. 7. Elution was performed with a linear gradient of 10-40% ACN in
0.1% TFA for 60 min at a flow rate of 1 mlL/min on Capcell-Pak C18
column. Fractions (indicated by black bar) of 18.95-20.15% ACN, which
were eluted at 25.9-28.3 min, showed antimicrobial activity and was used
for next purification step. The eluate was monitored at 220 nm. The URDA
result of the fraction showing the greatest antibacterial activity among the

fractions indicated by the black bar in the upper right is shown.
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Figure 18. The 4th reversed-phase HPLC chromatogram of the active
fraction in fig. 17. Elution was performed with a linear gradient of 13-28%
ACN in 0.1% TFA for 60 min at a flow rate of 1 mL/min on Capcell-Pak
C18 column. Fractions (indicated by black bar) of 19.68-20.38% ACN, which
were eluted at 34.7-37.5 min, showed antimicrobial activity and was used
for next purification step. The eluate was monitored at 220 nm. The URDA
result of the fraction showing the greatest antibacterial activity among the

fractions indicated by the black bar in the upper right is shown.
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Figure 19. The b5th reversed-phase HPLC chromatogram of active
fraction in fig. 18. Elution was performed with an isocratic condition of
19% ACN in 0.1% TFA at a flow rate of 1 mbL/min on Capcell-Pak C18
column. Fraction (indicated by black arrow) with retention time of 22.0-24.8
min showed antimicrobial activity and was used for final purification step.
The eluate was monitored at 220 nm. URDA results of the fraction indicated

by a black arrow in the upper right are shown.
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Figure 20. The final purification step of PvAMP4 from the active peak
in fig. 19. Elution was performed with an isocratic condition of 19% ACN in
0.1% TFA at a flow rate of 0.5 mL/min on Capcell-Pak C18 column. The
elution was monitored at a wavelength of 220 nm. Fraction (indicated by
black arrow) with retention time of 28.8-31.4 min was collected and named
PvAMP4. And the molecular weight of the PvVAMP4 was analyzed by
LC-MS.
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Figure 21. The 3rd reversed-phase HPLC chromatogram of ‘F8’ in
fig. 7. Elution was performed with a linear gradient of 10-40% ACN in
0.1% TFA for 60 min at a flow rate of 1 mL/min on Capcell-Pak C18
column. Fraction (indicated by black arrow) of 20.25-21.4% ACN, which was
eluted at 28.5-30.8 min, showed antimicrobial activity and was used for next
purification step. The eluate was monitored at 220 nm. URDA result of the

fraction indicated by a black arrow in the upper right are shown.
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Figure 22. The 4th reversed-phase HPLC chromatogram of active
fraction in fig. 21. Elution was performed 20 min of a linear gradient of
17-22% ACN and 20 min of 22 % ACN in 0.1% TFA stay at a flow rate of
1 mL/min using Capcell-Pak C18 column. Fraction D of 20.18-20.63% ACN
was collected, which was eluted at 20.7-225 min. Fraction C with
20.63-20.93% ACN was collected, which was eluted at 22.5-23.7 min. The
black arrows indicate the active fractions used for next and final purification
steps and the eluate was monitored at 220 nm. URDA results for each

fraction indicated by a black arrow in the upper left are shown.
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Figure 23. The final purification step of PvAMP5 from the active peak
in fig. 22. The final purification step was performed using fraction C of Fig.
22. Elution was performed with an isocratic condition of 20% ACN in 0.1%
TFA at a flow rate of 1 mL/min on Capcell-Pak C18 column. The elution
was monitored at a wavelength of 220 nm. Fraction (indicated by black
arrow) with retention time of 13.0-139 min was collected and named
PVAMP5. And the molecular weight of the PVAMP5 was analyzed by
LC-MS.
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Figure 24. The 5th reversed—-phase HPLC chromatogram of fraction D
in fig. 22. Elution was performed with an isocratic condition of 19% ACN in
0.1% TFA at a flow rate of 1 mL/min on Capcell-Pak C18 column. Fraction
E was eluted at 12.4-13.6 min and Fraction F was eluted at 14.3-14.9 min.
The black bars indicate the active fractions used for next purification step
and the eluate was monitored at 220 nm. The black bars indicate the
active fractions used for next and final purification steps and the eluate was
monitored at 220 nm. URDA results for each fraction indicated by a black

bar in the upper left are shown.
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Figure 25. The 6th reversed-phase HPLC chromatogram of fraction E
in fig. 24. Elution was performed with an isocratic condition of 19% ACN in
0.1% TFA at a flow rate of 0.5 mL/min on Capcell-Pak C18 column.
Fraction (indicated by black arrow) with retention time of 38.7-39.8 min
showed antimicrobial activity and was used for next purification step. The
eluate was monitored at 220 nm. URDA result of the fraction indicated by a

black arrow in the upper right are shown.

_65_



18

9

12— =
t E

' =

=

=

[=F]

1]

6= ‘ -
:

1

|

1

Absorbance at 220nm (mAU)

Time (min)

Figure 26. The 7th reversed-phase HPLC chromatogram of the active
fraction in fig. 25. Elution was performed with an isocratic condition of
19% ACN in 0.1% TFA at a flow rate of 0.5 mL/min on Capcell-Pak C18
column. Fraction (indicated by arrow) with retention time of 33.4-34.6 min

was used for next purification step.. The eluate was monitored at 220 nm.

_66_



PvMAP7
= PvAMP6
S _ { ~
E 60 ‘, S
=~ @
= =
8 £
2 1 - 3
» e 3]
Z ‘ — — <
g 20 = - |
= - I
=¥} - - :
- | - !
E |
o - 10
0 =11 .
1 | | |
0 5 10 15 20 25

Time (min)

Figure 27. The final purification step of PVAMP6 and PVAMP7 from
the active peak in fig. 26. Elution was performed with a linear gradient of
1020 % ACN in 0.1 % FA for 30 min at a flow rate of 0.3 mL/min on
Capcell-Pak C18 column. Fraction (indicated by arrow) of 14.36-14.42 %
ACN eluted at 14.36-14.42 min was collected. And the other fraction
(indicated by arrow) of 14.46-14.56 % ACN eluted at 14.7-15.0 min was
collected. Fractions were named PVAMP6 and PvAMP7, respectively. And
the molecular weight of the PVAMP6 and PVAMP7 was analyzed by
LC-MS.
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Figure 28. The final purification step of PvAMP8 from the active peak
in fig. 24. The final purification step was performed using fraction F of Fig.
24. Elution was performed with an isocratic condition of 20% ACN in 0.1%
TFA at a flow rate of 1 -mL/min on Capcell-Pak C18 column. The elution
was monitored at a wavelength of 220 nm. Fraction (indicated by black
arrow) with retention time of 13.6-152 min was collected and named

PVAMP8. And the molecular weight of the PVAMP8 was analyzed by

LC-MS.
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5. A& HAegol=9 5 &4

5.1 PvAMP12} PvAMP2
5.1.1 B2 2 obvlwit HY 24

HZ AAE PvAMP1 2 PvAMP29 EA#HE LO-MSE E3
zy7} 7504.8665 Da® 4166.0555 Daoz EAHAT (Fig. 297

30). o F ofedt MEE AT 23 ME FERE d& 5 gt

5.2 PvAMP3
5.2.1 A% 2 olnlst Y B4

2% BA" PvAMP39 E&AFE LC-MSE &3l 7990.9937
Dac® EAHAY (Fig. 31). o] 829 opvl=2t MEE £43 A3},
ME AEE A5 F s

PvAMP39 ##4% AME #4<= 93] trypsin digestions
PRt (Fig 32). Sample= A Z8HA 22 negative control®
samples A3 29 chromatogramE Y| w3}, sample peaks

AEstgtt. 2E sample peaks LC-MSE Alg&sie] Extg EAS

AlEstit. 1 %, peak 13 peak 29 i@ EAFH opn| w4t
AMErto] EAH AT, Peak 19 EA&2 1117.5045 DaolH, ofw| =4k

4
qEe& 'SAGGGYGVGAAGCGH Z UJeErsttt (Fig. 33). Peak 29

A 1199.5717 Dacld, oppjxt E9ES& 'SVEDYTPSGAR 2
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solgch (Fig. 34).

5.2.2 Homology &4

2 F7F homology 45 93], ¥A49 peak 13 peak 29

ofm| A LS A}&3led NCBI blast® 339 t. HomologyS

b

a3}

=

rr

solsl A3, peak 13 peak 29 oln|xAl NEES 2T

5.3 PvAMPA4.
5.3.1 #A4% 2 obrlwik A 4

HAZ AAE PvAMP4e ExZFS LC-MSE %3 6751.8529
Dal® EA3At. PvAMP42] ol At 4d 2 'KVHGSLARAGKVK
GQTPXVDXQE'Z 1WHHEH 23H7IA e AHdeo] EAHAUTE. 18WHI}

219 ME2 BAEHA gen, ol& X' FASHAH (Fig. 35).

5.3.2 Homology &%

A8 PvAMP49] o)At L3} 2 F2 homology ¥4&

==

#1al NCBI blastE AF&3t3th. Homologye &QIgh A3, Z-& WA
&3t Styela  clava  (ref | XP _039271091.1|),  Phallusia
mammillata (gb | CAB3244866.1 | ), Ciona intestinalis (ref | XP_
009859868.1 | ),  Oikopleura  dioica  (gb | CBY20862.1 | )<
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Ubiqutin like protein (UBL)¥ %2 fAMIE UEblTh olejd=
a7l &3t Oncorhynchus gorbuscha (ref | XP_04617329
9.11), Syngnathus acus (ref|XP_037101200.1|), Colossoma
macropomum (ref | XP_036450212.1|), Acanthopagrus latus
(ref | XP_036943037.1 | )] ubiquitin like and ribosomal protein
S30% =2 #FAEE YEdg  (Fig. 36). webd  PvAMP4=

ribosomal protein S30 (RPS30)Q Aoz oAdT],

5.4 PvAMP5
5.4.1 B2 2 obulit AY B4

HAZ AAE PvAMPHe EA#EHS LC-MSE %3 1652.8301
Dagl Aoz EAEAT. PvAMP59 ofm|iAt gde 'NWEGQAGK
RFXN'e2 1287049 AES B4E £ dith 118 Ade #4494

kofomn ol Xz ZAFATH (Fig. 37).

5.4.2 Homology &4

2% PvAMP59] ofn At E3) 42 F9 homology ¥4 %
flel,  NCBI  blast® AR&stddt. 2 23, AAldl  &ste
Strongylocentrotus purpuratus (ref|XP_796918.1 )¢ retinol
bindin protein, Strongylocentrotus purpuratus (ref|XP 011671
261.1 )¢} Lytechinus variegatus (ref|XP_041486026.1 )<

fatty acid-binding protein¥} & FAEES YeERG. ol =
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WA &3lE Styela clava®l myotubularin-related proteinZt=
AR ME S 7HA 2L o= EQstd Y (Fig. 38).

5.5 PvAMP6~8

5.5.1 BAF 2 ofvlwit Y B4

HAZ AHAE PvAMP6~8¢ EAFHE LC-MSE E3 47
791.4060 Da, 807.4009 Da % 879.4214 Dal 2 EAHArt =3t

Z}z} o] ofn]| =2t A SIS B2 31 A3}, ‘GFALGGGGVE,
‘GFSLGGGGVGE 2 ‘GFDLTGGGVGEZ 2% 10709 ofnxato =z

T e AS FAsAT (Fig. 39).

5.5.2 Homology &%

A3 PvAMP6~89] ol A4t A8 homology 4= 3l
NCBI blastE AH&stdtt. 2aA oz A &st= Hemicentrotus
pulcherrimus (gb | BAA07502.1 ), Strongylocentrotus purpura-
tus (ref | NP_999771.1|), Tripneustes gratilla (prf| 1616199
Al, prf|1616199B |, prf|1616199C | ), Mesocentrotus nudus
(prf ] 1616199J | , prf| 1616199M |, prf| 161619 9N | ), Echin-
ometra mathaei (prf| 1616199P | , prf| 1616199Q | , prf| 16161
99R | ),  Heterocentrotus  mammillatus  (prf| 1616199T |,
prf | 1616199U |, prf| 1616199V | )°] sperm activating peptide
(SAP) 9 homology7t =& A2 2 Yeyth (Fig. 40).

_72_



x1¢
[M+H]™

2.5 = 7504.8665Da

2.0 =
lga
= 1.5
=¥
At
=
o

1.0 =

0.5 =

| |
0 aelatch i W .||1. g
0 4000 8000 12000
Mass (m/z)

Figure 29. Determination of molecular weight by LC-MS analysis and
N-terminal sequencing of PvAMP1 in fig. 10. The molecular weight of
PVAMP1 determined using an Ultra High—-Resolution Q-TOF LC-MS/MS
spectrometer was 7504.8665 Da. As a result of analyzing the amino acid

sequence by Edman degradation, the N-terminus was blocked.
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Figure 30. Determination of molecular weight by LC-MS analysis and
N-terminal sequencing of PVAMP2 in fig. 14. The molecular weight of
PVAMP2 determined using an Ultra High-Resolution Q-TOF LC-MS/MS
spectrometer was 4166.0555 Da. The N-terminal sequencing of PVAMP2
through Edman degradation yielded no sequence information because the

N-terminus of PvAMP2 was blocked.
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Figure 31. Determination of molecular weight by LC-MS analysis and
N-terminal sequencing of PvAMPS3 in fig. 16. The molecular weight of
PVAMP3 determined using an Ultra High-Resolution Q-TOF LC-MS/MS
spectrometer was 7990.9937 Da. The N-terminal sequencing of PVAMP3
through Edman degradation yielded no sequence information because the

N-terminus of PVAMP3 was blocked.
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Figure 32. Isolation of trypsin—treated sample peaks through
comparison of HPLC chromatograms of PvAMP3 absent (A) and
present (B) trypsin—-treated samples. Elution was performed with a linear
gradient of 5-65 % ACN in 0.1 % TFA for 60 min at a flow rate of 1
mL/min on Capcell-Pak C18 column. The eluate was monitored at 220 nm.
The two HPLC chromatograms were compared to isolate the peak of the
cleavage material after trypsin digestion. All the isolated peaks were
analyzed molecular wight through LC-MS. Only peaks 1 and 2, whose

molecular weights were analyzed, were indicated.
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Figure 33. Determination of molecular weight and N-terminal
sequencing of peak 1. (A) The molecular weight of peak 1 determined
using an Ultra High-Resolution Q-TOF LC-MS/MS spectrometer was
1117.5045 Da. (B) The N-terminal sequencing of peak 1 through Edman

degradation vyielded partial sequence information of 14 amino acid residues.
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Figure 34. Determination of molecular weight by LC-MS analysis and
N-terminal sequencing of peak 2. (A) The molecular weight of peak 1
determined using an Ultra High-Resolution Q-TOF LC-MS/MS spectrometer
was 1199.5717 Da. (B) The N-terminal sequencing of peak 2 through
Edman degradation yielded partial sequence information of 11 amino acid

residues.
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Figure 35. Determination of molecular weight by LC-MS analysis and
N-terminal sequencing of PvAMP4 in fig. 20. (A) The molecular weight
of PvAMP4 determined using an Ultra High—-Resolution Q-TOF LC-MS/MS
spectrometer was 6751.8529 Da. (B) The N-terminal sequencing of PvVAMP4
through Edman degradation vyielded partial sequence information of 23

amino acid residues.
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Figure 36. Homology analysis of the analyzed amino
species. Amino acid sequences only from fish and tunicate, which were analyzed the highest similarity with 'PvAMP4', were
shown.; ubiquitin like protein (Stvela clava, Phallusia mammillata, Ciona intestinalis and Oikopleura dioica), ubiquitin like and

ribosomal protein S30 ( Oncorhynchus gorbuscha, Syngnathus acus, Colossoma macropomum and Acanthopagrus latus). Black
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------------------------ MCLFLCAECLHCVEVDGHETVATLRHLIALREGISVDDQILTCGGRIIEDELSINDSDLCNL
------------------------- MCLELRSDRELHCVCVDENDLVLSLVERICSLEGLSFEDCVLSYHGTVLEVECTIAGAGISIL
———————————————————————————— MCIFLETNELHCVCVDSGDLVSNLEACINATIEGIATEDCVLSYNGITLDDDLSEEAAGLNDL
———————————————————————————— MHEFSEQGE———SFNAENTDEVLSLFN-—-————————EETYAVVNGRVICPGFSLEEFGLTEG
MRCELESISRPNTICEAHDYY PARFWLTMCLEVRAQTLHTFCVSGLETVADIRAHIEALEGLSCDDCVVELCGEPLCDDAVICCS—ALEF
MRSRVEPSNSLEYAARLTTSICTS-—-—INMCLELRACNTHTLEVTGCETVGCIRARVOTLEGLLVENQVVLLAGCPLEDDASLASCGVSER
MRCRTHPFAHVR-—SWRVDLCVNER-—LEMCLEVRACSLETVEVLGSETVAHIRACIFALEGLSCDDCILTLRGTPLCDEALIGCSGIEEF
MRSVGPRTALSMPS-VERLASTS———IEMCLFLRACNTHTLEVTGCETVGCIRAHVCAVEGLLVEDOVLLLAGCFLEDDSSLASCGVSEH

CTLDVSSRLLG v s FF R CRTGRARRRMCYNRRFVNVVETFGRRRGEPNSNS
ATIDILGRLHG Vi E s FFEFERTGRAMRRMCYNRRFVNVVCTEGRERGPNSNS
STVQVLGRVLG v FRYE FERERTGRARRRMCYNRREVNVVATFGRRRGPNANS
EGVEEVPRMLGGS v RERARTGRARRRMCYNRREVNVVESEFGRERGFNSNS
STLEVTPRLLG! QDM R FRETGRARRRICYNRRFUNVVPTFGEREGPNANS
CTLEVAARLLG R RERRETGRARRRICYNRRFVNVVETEFGEREGENANS
STIEVSSRLLG FRYLF FEREFETGRARRRICYNRRFVNVVPTEGRREGEPNANS
CTLEVAGRLLG DR RREERTGRARRRICYNRREVNVVPTEGRRRGENANS

boxes indicate conserved parts and gray boxes indicate similar parts.
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Figure 37. Determination of molecular weight by LC-MS analysis and
N-terminal sequencing of PVAMP5 in fig. 23. The molecular weight of
PVAMP5 determined using an Ultra High—-Resolution Q-TOF LC-MS/MS
spectrometer was 1652.8301 Da. The N-terminal sequencing of PVAMP5
thropgh edman degradation yielded partial sequence information of 12 amino

acid residues.
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P. vittata (PvAMPS5) ——————c— e e e e e ————————— —
S§. purpuratus (RBP) MADFSGEWVEDHGENMEFLIERLRIDPSRIPSDESSTVEIVCNGDNFREIRTTG3GGERSRDISYSIGCSEI
S§. purpuratus (FABP) MADFSGEWAFDHEGENMESLVDELEIDPARIPERDRSTTVEITCNGDNFHIVSAG-GGRNROMSETIGEAEV
L. va_l.‘iegatus (FABP 1) MADFSGEWVFDHGENMEFLIERLEIDPAEIPSDESTTVVIACNGDTFNIETTTAGGETRDITYSIGCSFEFI
L. wvariegatus (FABP 2) MADFSGEWVFLDHAENMETLADELEIDPARIPRDRSTTVEITCNGDNFHIVSVG-GGRTROMNETIGESEV
P. vittata (PvAMPS) - ———————F = e A R NV o
5. purpuratus (RBFP) DFDIRELRGREIEVTPSWCGGELVLAGPEG-NSATREMVGACMVVTERIgH FA
5. purpuratus (FABP) DPLILELRNREICVTPNWNGNELVLTGPRGTNSATREIVGSCMVV T FRINS RA
L. variegatus (FABP 1) DPDIRELRGREIEVIPSWEGSELVLAGPEG-NSASREIVGSCMVVTERL RA
L. va.riegatu.! (FABP 2) DPDILELRGREICVIFPENNGSELVLTGPEGTNSAARREMVGSCMVVT EFRYY RA

Figure 38. Homology analysis of the analyzed amino acid sequence of PVAMP5 with sea urchin. Amino acid
seqguences only from sea urchin, which were analyzed the highest similarity with PvAMP5, were shown; retinol-binding protein
(RBP) from Strongylocentrotus purpuratus, fatty acid-binding protein  (FABP) from  Strongylocentrotus purpuratus and Lytechinus

variegatus. Black boxes indicate conserved amino acid seguences.
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Figure 39. Determination of molecular weight by LC-MS analysis and N-terminal sequencing of PvAMP678 in fig.

27 and 28. The molecular weight of PVAMP6™8 is 791.4060, 807.4009 and 879.4214 Da, respectively. The N-terminal

sequencing of PVAMP678 through edman degradation yielded sequence information of 10 amino acid residues.
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vittata (PvAMP6)
vittata (PvAMP7)
vittata (PvAMPS8)
purpuratus J
purpuratus v/ 4
purpuratus 1T
pulcherrimus 1
pulcherrimus I
pulcherrimus I
gratilla 1
gratilla I
gratilla Il
nudus 1

nudus I

nudus Il
mathaei 1
mathaei I7
mathaei IIT
mammillatus 1
mammillatus IO
mammillatus

EeGCGGVG

Gl G G G G}

Gl @ G

G
G
1€}

L1

GGG a

FERNYYI R aashhhhnnveb

Figure 40. Homology analysis of the analyzed amino acid sequence
of PVAMP678 with sea urchin. Amino acid seqguences only from sea
urchin, which were analyzed the highest similarity with PVAMP678, were
shown; sperm activating peptide from  Strongylocentrotus — purpuratus,
Hemicentrotus  pulcherrimus, — Tripneustes — gratila, Mesocentrotus — nuaus,
Echinometra mathael and Heterocentrotus mammillatus. Black boxes indicate

conserved parts and gray boxes indicate similar parts.
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6. PvAMP4<9 A9 @ Ex BA
6.1 A< &4

PvAMP49e] AA ofn|x=it AdE 47 $@l, ¢cDNA cloning=
Agstdtt. Clone AME FAZ23 5 untranslated region (UTR)°]
23bp, ORF7} 402bp 28] 3 UTRe] 76bpz o]Fojx E#<l
Ao 2 EMHAT. ©o]F ORFE ofv|i=it A= wegh A3, 134719

ofu|=Ato 7 FAEo] dE AL QT Edman degradation®

e

B8 94 PvAMP4°el M43} alignmentS F 3P+ 23 76WH ofn| Ak
NERYH dAste Ae Ay, 2AHA &

velyth, 28z ow BA"E FEYLE|= AEE ubiquitin like

rlo

qEe ‘Kol Aoz

protein® ribosomal protein S30 (RPS30)°c] Z23¥ @Al A=
gkt (Fig. 41). F7H o2 76W AERH 134W71#], & 5970
ofplmAat Ade ZAFS Adtstdn. I d¥, 673576 Dao®

deRer, o= PvAMP4e A=l 6751.8529 Da¥ &L 5HA]
ket webd PvAMP49k Aol AR isomer® A <deo] A"
Aoz HAdatint.

6.2 Identity

4¥ 59709 RPS30 AE< AH&stel, o]x homology E4el
AHEAE thE WA ofmiest D identityE HlmERTH 1 A
Styela clava®t 98.31 %, Phallusia mammillata®t 91.53 %,
Ciona intestinalis®t 89.83 % 18lil Oikopleura dioica®t 89.83
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%l identity® YEFAH. ZA7e EAFL 6763.78 Da, 9740.77
Da, 6678.71 Da 12]3a 6551.56 Dal® ALtE AT (Fig. 42).

6.3 3D modeling

3D modelings 31 SWISS-MODEL servere]l PvAMP4
isomer® A ofux=it NS YEsilth. European rabbit 408
HCV-IRES complexe] U&= 40S RPS30 (PDB accession no.
5flx.1.5)¢] otmieit A Ld# alignment® Z#E 7I¥tez 3D Fx7}
459tk European rabbit?] 40S RPS30% ¥ AFolA A g
PvAMP42] isomere Yx7F A dolr 89.83%° identityZE
WeERAth. Ee 3D modeling®] ©3H¥H, PvAMP49] isomere 371
loopel <&l E2l¥ 2712 a-helix® 7HAE 4 +2& FHsle Aoz

slskitt (Fig. 43).
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1 GTAACGCTCGTCATAGAATAACGATGATGCAGCTCTTCGTACGCGCACAAGATCTCCATTGTTTGGAGGTAGAAGGCGATCAGTCGATTC 20
MM QL F VR AQ DL BCTELELEYESGDIQ 5 I

91 TCCATCTAAAAAAACAGATCTATGCTATTGAAGGCCTTGATGT TGAAGATCAGGTGCTAAGTCATGCGAGGCCGTCCACTTGAGAATGATA 150
L H L K KOTI ¥ A IZEGLUDVYET DA GOQU VTULS5HGGUGT R®PULTEWUHND

181 TGTCCTTAATGGAAGCAGGACTGAGCGATCTCTCAACTGTGGATGTGCTTGGGAGGCTTTTGGGAGGAAAGGTCCATGGATCTCTTGCTC 270
M S L K E A G L S _¥F L EBATAVIiER W ESje8 B L L™ G| |[K V B G § L A

271 GTGCTGGTAAAGTTAAGGGCCAAACTCCAAAAGTGGATAAGCAAGAAAAGAAAAAACAAAAGACT GGTCOTGCCAAGAGACGCATGCAAT 360
IRAGXVKGQTPQ()-VD@QEKKKOKTGRAXRRMQI
X X
361 ATAACCGTCGCTTTGTCAATGTCGTTCCTACTTTTGGCAGAAGGAAAGGTCCGAACTCAAATTCCTAAATATTTGCTGGTTTAAAAGGGC 450
Y N R R F Vv v P T 40 ciRIEIR Bl "5u N s

451 TAAATAAAATCGTTCAAGATTGCAAAAAAAAAAAAANAMAAAARAAMAAAN 501

Figure 41. The full nucleotide sequence and deduced amino acid sequence of PVAMP4’s isomer determined by
cDNA cloning. Through cDNA cloning, it was identified as a protein consisting of 23bp 5UTR, 402bp ORF, and 76bp 3'UTR.
Also, as a result of the amino acid translation, it was predicted to be a protein in which a ubiquitin-like protein (yellow)
composed of 75 amino acids and ribosomal protein S30 (blue) composed of 59 amino acids were combined. Furthermore,

the amino acid sequences 18 and 21 of RPS30, which were not analyzed through Edman degradation, are assumed to be

'K’, and are indicated in red.
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Ident. (%) M.W (Da)

P. vittata KEVHGSLARAGEVEGCTPRVINICEREFBETGRAYRRMCYNRREVNV VIS In this study 6735.76
S. eclava B 08.31 6763.78
P. mammillata i 01.53 6740.77
o B YA N LR - Y VHGSLARAGRVEGCTPER V! CERRFJdFTCRAURRMCYNRRE VNV VES §9.83 6678.71
0. dioica KVHGSLARAGRVEGCTPEVIECERKFMETGRAKRRMCYNRRFVNV VS 80.83 6551.56

Figure 42. Alignment and molecular weight of full amino acid sequences of PvAMP4’s isomer with other sea
squirts. NCBI blast search was performed using the analyzed amino acid seguence for homology confirmation. It was
confirmed that it was the same as the result confirmed by using the partial sequence previously, and the degree of identity
with other sea squirts is as follows ; 93.31 % with Siyela clava, 91.53 % with Phallusia mammillata, 89.83 % with Ciona
intestinalis and 89.83 % Ojkopleura dioica. The molecular weights are 67/35.76, 67/63.78 , 67/40.77, 6678.71 and 6551.56 Da,

respectively.
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Figure 43. 3D modeling of PvAMP4's isomer compared to european rabbit's 40S RPS30. (A) Alignment data of

(+)charge

rRRMCY
. (-)charge

‘R b
rrRMoYNR

A P. vittata 1.
5£1x.1.5 IF :

J

X

PVAMP4's isomer purified from Pyura vittata with the european rabbit's 40S RPS30 (PDB accession no. 5flx.1.5). The amino
acid sequence of 40S RPS30 showed 89.93% identity to that european rabbit's 40S RPS30 (B) 3D model based on
alignment data of european rabbit and PvAMP4's isomer amino acid sequence. Positive charges are indicated in blue, and

negative charges are indicated in red. (C) 3D modeling of the european rabbit's 40S RPS30.
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o, RM1009] &4 4= 93l loading®d =2 o] & E44
Hlg] g oz 2o Aoz A
weld T3 F2 ol gk clear zonell AV|IE M| wsH|

98, zZ+ B8-S protein 15 ugl® AAtste] 12Fo I 1F9

FE3 BZo] "l ZAIAX] FQFH7] 23], trypsin

A8l 2 stgtt. B. subtilis KCT

©
—
O

21, E. coli D31 and Candida
albicans KCTC 7965 el W= =elskiek. Table 6°l
el %ol RM10A = AAFoz gadAio] fastes 4¢SS B
HFH RM60Z RM1009 A% E. coli D319 dtialA g&do] a1,
B. subtilis KCTC1021%} Candida albicans KCTC 7965 thalA =
AAE e lsink. ollgt A} AFa = w, RM60¥

i
Abgsl gl 2dE AASAY. A2 dAE AA F 87hel AMPE
AL EAEE gdsidln. FAd Ed2e Az PvAMP1elA

PvAMP87}A] °o]&& Bt EAF &9 % edman degradation
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YL Fal obnwat NAEN LS S
PVAMP1~3¢] 7%, olmwit Adel BAEA gt}

AdkA o 7 acetylation, formylation%el o&, N-tho]

e

blocking¥ ] 2W edman degradation®] <Jal AEFEA]o] o]H
& EW thymosin? 2 EZAL N-¥o] acetylation®o] 371
e, N-"e E4c] Erbssith (23], ¥%F ojyg} Noga ¢
AT 98, hydroxylated tryptophanz® B AZ Q] olwm]=4to]
EAets A% edman degradation WHOZ ANEE 4& F

gt Baurzk 9ok (36). waEkd N-bromo tryptophan® #&

22 trypsin digestione AT, ATE o2 fragment F
278el peakell Wg ofn|=AF MAS gl AT A2 2749
w83 EF homologys 7HE EHL gdskA  REdv. ole
PvAMP37}t o724 WrejA1A] ke wldolAY viwE ¢l A&

NI E7F B537] dTolgta Azt wEld PvAMP39 E1E A

Fe HEde EAME 9, F7189 protein digestioneo] Z L3tim
AZEY. Figure 3291 Yehdl 235 23, PvAMP37F B2 Bl =
dHorg Had Aol FAdHY. Trypsine lysine (K)3Z arginine

(R)9 C-terminus® AWst:= Fholth. wagkxd PvAMP39 A4Y
Yel= ©ge Ky Rel &Asdn F5T 4 iy, 2y e=

PvAMP39 M<Eg A3l 3t F714<Q0 Ao+ trypsine] ofd
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chymotrypsin®lYt endopeptidase V83 #& & olnw2t HE&

ATstE enzymes AMEstE Aol Evtun A7

ok

ot =< cyanogen
bromideY formic acid® *&ldl chemical digestion *}'H<S AF8&3}
AR NPT Ao},

Figure 36°] YEWl%°] PvAMP4% NCBI blast search 23},
A % HolME ubiquitin like protein (UBL)Z %<& identity®
et olelo= Exr]e] 'UBL and ribosomal protein S30
(RPS30)" & 408 RPS30'# %< identityE WERRITE. UBLSF 408
RPS30°] 37 ¢sstEe wEuEel= A¥S fau gene©lzta
ey 49 k. Axydoem PyAMP4E  ©]  fau gene©]
daslele B de] APEYL Foez F5T F UJY. ¢cDNA cloning
A3, N-¥de] UBL Age], C-Exele 408 RPS30 Al¥el e

A& FAskt. ©o]F ¢cDNA clonings §3 2l ofr=it A Ee

x2S Akl B A3, edman degradationg 3] 413 1HRE
2374219 oAl HEe % AdXEHth skARE cloningS E3

golgt A olmAit MEel BRI FAS 4o EA#EY 16
Dad %= ztol7} e Aoz FAsAt. ofvxit NIy A
FAIER #ds] 2SS W, clonings =& &3 ofu|wAl Lo E

Ao FHA PvAMP4$} HEAFgFo] zfel7t Sl isomere] ofv]iih

MEe]l £4d Aoz F5d & 5 3o Isomerd AM<e] 44
olfrze AAE S ARSI WA clonings #d AHEE WA
ARAAZ17E g5zl "WEd 7hesddel dvtn Azddd. wEkd A
Al71e] ztele ofe 54 fFAAke] wdEFe] Ebxa, A" =4y



cloning®d =29 opt AMdo] dF HE AY F= dvxn
F=39 . £43% PvAMP4 isomere] opvujiAl IS g2 A<
RPS308.2 dFHE ofnwit HE3 wlastglen, ¢ 90~100%<
identityE YWEIWHRITE. Figure 43¢ YEld PvAMP4 isomer® 3D
model& Fxd] AZsizts wl, PvAMP4E st opn|wite]

Hog wovl ghelix 72E HdE 31~419 ofulitd] g

HolsAl #4387 98] RT-qPCRE AP dede dva Ao
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Aqdo] EME jsomere AMZE @A S ttso] B2 S U&F &R 5,
MEC 2#3t: NPN# ONPG testE E3] Az} wrgsls= HhH o

el e F=5 A7 oot

PvAMP5% NCBI blast &4 23, S. purpuratus® retinol
binding protein (RBP)# L. variegatus® fatty acid binding
protein (FABP)lA 100%9¢ identityS WEIHTE Identity”’} =4
39 Ade EAEFY PvAMPLHY EAE s vluwslE A3, 5L
wAFS e Ae Qs AT figure 759 YERHRC],
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FAES AL4IE v, 32 AMEdFds gE AE S 7HE Vs ARE A
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zo@ 9422 ddn LuA Atk mEPA oW AT: HEw
529 WAl SAPE AANTH: HelN dE =+ Adn F
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= #lE SAPZE AAY E7HAbECE Z3b deA A

o

ik

goksixbH ol AFdAM = EYA (Pyura vittata)®] =4
FEES A& F 8 EZ (PvAMP1~8)& AAstx
A8kt 1 F PvAMP3% PvAMP62 FE4<1 A4S R
PvAMP4+= c¢DNA clonings %3l isomerd HAAES &
PvAMP4¢] isomere ribosomal protein S30% %2 identitys
YeERAATE. ©] isomere N-Z%@o| ubiquitin-like protein A <Eo]
9+ fau genel @ ¢33}EH = proteines precursor® 7MA &= FHOo=E
ettt E=3k PvAMP6~8<  sperm activating peptide®
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gt AETAQ FEE AFeH, AT Aol AHEE & d= FAA
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Table 8. Result and further works of PVAMP178 from Pyura vittala.

Amino acid
Sample M.W (Da) sequence Homology Further work
PvAMP1 '7504.8665 -
PvAMP?2 4166.0555 - Enzyme/Chemical
digestion

F1:1117.5045 SAGGGYGVGAAGGH
PVAMP3 79909937 —zo3799 5717 SVEDYTPSGAR p

PvAMP4 6751.8529 KVAGSLARACKVKGQ  riposomal protein Recom‘ﬁi{‘_a(?gclﬁmtein/
NWEGQAGKRFXN -
PvAMP5 1652.8301 (MW 1306.39)
PvAMP6 791.4060 GFALGGGGVG
) ) c¢DNA Clonin
PvAMP7 807.4009 GFSLGGGGVG sperm activating 8

peptide

PvAMPS 879.4214 GFDLTGGGVG
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